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ABSTRACT
Schupkégel B., Bozó L., Tölgyesi C. 2020. The role of a water canal and secondary forest for
migrants. Ring 42: 3–13.
Forests have an important role during migration. They act as ecological corridors and
provide resting and feeding places for birds. In our study, we sought to determine whether
migratory birds prefer secondary forest or canal vegetation during migration. The study
was carried out in Southeast Hungary, in an oleaster forest and in a canal. We used 12 mist
nets and the ringing method. The study period lasted from August to October 2016–2018,
covering approximately the entire migration period. According to our results, the canal
has a significant effect on the species assemblage, as it functions as a migration corridor
during migration, most likely not only for diurnal migrants, but for nocturnal migrants as
well. Our results showed that the presence of both woody and berry plants had some
influence on the species composition. Interestingly, the presence of berries had a positive
effect on the presence of insectivorous birds.
Keywords: passerines, autumn migration, agriculture, Elaeagnus angustifolia, Carpathian
Basin
INTRODUCTION
Agricultural habitats (forest belts, canals, and lines of trees) are often food-rich ar-
eas, so they can provide an excellent living space for various species (Eversham and
Telfer 1994, Gallé et al. 1995). Many studies have focused on birds of forest belts on
agricultural lands (Gál 1968, Herrmann and Plakolm 1991, Legány 1991, Kromp
1998, Szarvas 2010) and tangentially on the role of lines of trees and canals (Bozó et al.
2017), but most of these studies used data only from the breeding period. They
showed that the best-known and most common songbirds occurred in these habitats
(Legány 1991, Szarvas 2010). Birds prefer to use heterogeneous vegetation, where
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they are more likely to find suitable resting or nesting places than in a homogeneous
area (Benke et al. 2010). In addition to heterogeneity, the quality of vegetation is also
an important factor, as the number of bird species occurring in such habitats depends
on the extent and age of the vegetation (Szarvas 2010). Other factors may include the
traffic on the roads along the line of trees and the agricultural technologies used,
such as chemicals or machinery in the fields (Legány 1991, Gál and Marosán 2003,
Szarvas 2010).
Forest belts and canals also play a crucial role in the agri-environment as green
corridors (Forman and Godron 1986). These corridors, also known as ecological cor-
ridors, are linear areas that differ from their surroundings (Forman and Godron
1986). By facilitating the migration of animals and the spread of plant propagules,
they provide a connection between fragmented areas (Barna 1994, Altieri 1999,
Baudry et al. 2000, Fülöp and Szilvácsku 2000, Marton and Csikós 2004). Since
research on songbird migration is primarily associated with ringing stations that oper-
ate in often protected natural habitats, there is almost no available information about
such secondary habitats. According to Bozó et al. (2017), these habitats play a crucial
role in the migration not only of common species, but also of rare and very interest-
ing species of passerines.
In this study, we examined whether the species migrating through the area
preferred the forest or used only the lines of trees along the canal, which provide
much less food. We also studied the species composition in these two habitats and the
effect of woody plants and berries on migrating birds.
MATERIAL AND METHODS
The research was carried out in south-eastern Hungary, within the administrative
boundary of Kevermes, at the site of a former pheasant station (46° 26’ N 21° 12’ E),
which is a 7 ha oleaster (Elaeagnus angustifolia) forest (Figure 1). The research site is
in the northern part of the forest within an area of about 0.5 ha. The average height of
the forest is 3.5–4 m. In addition to the dominant oleaster, some higher elm (Ulmus
sp.), black locust (Robinia pseudoacacia) and European wild pear (Pyrus pyraster) can
also be found. The shrub layer consists mainly of black elderberry (Sambucus nigra)
and sloe (Prunus spinosa), while dewberries (Rubus caesius) are the most common
plant species in the lower levels. Vegetation is denser at the edge of the forest, with
spots of reeds and weeds next to the dominant sloe and black elderberry. Behind the
forest there is a drainage canal (Tulkán Canal) with SE-NW orientation. Willows
(Salix sp.), young walnuts (Juglans regia) and poplar trees (Populus sp.) grow on the
shore, and the canal bed is covered with dense reeds. The average height of the plants
in the canal was almost the same as in the forest (3–3.5 m). Therefore, the probability
of capture of birds was essentially the same in both habitats. The canal is shallow
with periodic water cover in the deeper parts. In 2016, only a small amount of water
appeared in the second half of October, while in 2017 and 2018 the river bed re-
mained dry throughout the study period. The forest and the canal border on agricul-
tural land.
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In all three years of the study (2016–2018), the method of catching and ringing
birds was used for data collection; each bird was ringed after it was caught. We also
collected various biometric data for the individuals (length of wing, tail, P8, bill, and
tarsus; fat score, muscle score and weight), determined their age and sex according to
Svensson (1992), and finally released them. The work was conducted between
8 August and 27 October in 2016, between 3 August and 27 October in 2017, and be-
tween 3 August and 23 October in 2018. One day means eight hours, i.e. eight con-
trols (four in the morning and four in the afternoon). In each of the three years,
12 mist nets were deployed. Of these, nine nets were placed in the oleaster forest and
three along the canal.
In September 2017, we mapped the vegetation around the nets. The average
height of the vegetation was measured on the right and left sides of each net at three
and six meters, three points per line. The dominant species of plants were also re-
corded.
A mixed linear model was used to investigate the impact of habitat type (forest or
line of trees along the canal) on the number of species and individuals. Both habitats
and species composition were analysed by PerMANOVA analysis. Ordination using
non-metric multidimensional scaling provided a visual illustration of the typical spe-
cies composition of the habitats. Bray-Curtis distance was used as a distance func-
tion, and two dimensions were given to produce the point distribution. The distance
between the points on the chart is proportional to the difference between the values.
The Mantel test was used to correlate the set of species with cover by woody and
berry plants, while the influence of berry plants on the total abundance of birds was
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Fig. 1. Map of the study site and its location within Hungary
investigated using a linear model. The species were divided into two groups for the
analyses: frugivorous and insectivorous (Table 2). Finally, we used indicator species
analysis to examine whether there were species that were significantly related to
a single habitat type.
For the statistical analyses we used R 3.4.2 (R Development Core Team 2018).
RESULTS
The occurrence of typical food plants and reeds around the nets is presented in
Table 1. The largest proportions of woody trees were found around nets nos. 7 and 9.
There was no woody cover around net CS2. Berry cover was the highest around net
no. 2, while there was no berry cover around nets 7, 8, CS2 and CS3. The reed cover
was largest around net CS2. During the three years of the study we captured 4517
individuals of 52 species (Table 2).
Table 1
The occurrence of typical food plants and reeds around nets.
A + sign indicates the presence of food plants and reeds, and a –
sign indicates their absence around the nets.
Food plant
Forest nets Canal nets
1 2 3 4 5 6 7 8 9 1 2 3
Sambucus nigra + + + + - - - - + - - -
Prunus spinosa + - - + + + - - + - - -
Rosa canina + - - - + - - - - + - -
Phytolacca americana + - - - - - - - + - - -
Carduus + - - + - - - - - - + -
Rubus caesius + + + + + + + + + - - -
Phragmites australis + - - - - - - - - + + +
Impact of habitat types on avian species composition and abundance
The mixed linear modelling showed that the species richness of birds captured in
the nets located by the canal was higher than in the nets in the forest. The higher
value is not random but due to the presence of the canal (z = -2.86, p = 0.04). Figure 2
shows the species composition in the nets of each habitat type. The difference from
the average in the forest was 6.11, while the difference from the average in the canal
was 3.14. The minimum number of species was 5 and the maximum number was 29 in
the forest, while the corresponding values in the canal were 23 and 33. It is worth
noting that in the case of nets located by the canal, the difference was not so large and
the deviation from the mean was not significant. In the case of the forest, the differ-
ence from the average was significant. In one net, the number of captured species dif-
fered by more than 10 species from the mean. Greater differences in species composi-
tion were noted in the case of nets in the forest.


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































In terms of the number of individuals, we also found that significantly more indi-
viduals were captured at the canal than in the forest (z = 2.19, p = 0.03; Figure 3).
Species composition test
The PerMANOVA test showed that the canal had a significant effect on the species
assemblage (F = 4.95, p = 0.003), with 13.8% of the species diversity explained by
habitat type (nets placed in the forest or at the canal). The same result was confirmed
by the ordination analysis (stress factor: 0.14).
The effect of woody plants and berry cover on species composition
The Mantel test showed that the species composition was affected by the presence
of woody plants (r = 0.33, p = 0.001) and berries (r = 0.14, p = 0.021). We used a lin-
ear model to examine the effect of berry plants on the number of frugivorous species.
According to the results of the model, the presence of berry plants had no effect on
the occurrence of frugivorous species (t = 0.15, p = 0.88, R2 = 0.01).
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Fig. 2. Number of species (N .) captured by the nets in different habitat types
Fig. 3. Number of individuals (N.) caught in different habitat types
We also tested the possibility that berry plants, while not influencing the number
of frugivorous species, might have an effect on insectivorous species. The results
showed that the presence of berry plants and their abundance around the net affected
the number of insectivorous species (t = 2.68, p = 0.01). This model explained 19.3%
of the data variability.
Indicator species analysis
The indicator species analysis showed that all species present in the forest also
occurred at the canal; however, there were 15 species that were significantly
associated with the canal: Thrush Nightingale Luscinia luscinia, European Stonechat
Saxicola torquata, Common Whitethroat Sylvia communis, Icterine Warbler
Hippolais icterina, Savi’s Warbler Locustella luscinioides, River Warbler L. fluviatilis,
Sedge Warbler Acrocephalus schoenobaenus, Eurasian Reed Warbler A. scirpaceus,
Marsh Warbler A. palustris, Great Reed Warbler A. arundinaceus, Eurasian Penduline
Tit Remiz pendulinus, Red-backed Shrike Lanius collurio, Eurasian Tree Sparrow
Passer montanus, European Greenfinch Chloris chloris and Common Reed Bunting
Emberiza schoeniclus. These were recognized as indicator species.
DISCUSSION
Based on the results of the mixed linear model and the PerMANOVA test, the pres-
ence of the canal had a significant effect on the species composition. Canals may be
interpreted as migration corridors (Barna 1994, Altieri 1999, Baudry et al. 2000,
Fülöp and Szilvácsku 2000, Marton and Csikós 2004), as birds follow them during
migration (Bozó et al. 2017). Our visual observations of various diurnal migrant spe-
cies, such as Blue Tit Cyanistes caeruleus, clearly show that birds follow the canal
when migrating. Because it is very rare to find natural habitats providing suitable
resting places for birds in an artificial agricultural landscape, the canal may also play
an important role in the case of nocturnal migrating species. This may be supported
by the fact that significantly fewer individuals were captured in the forest nets, al-
though there are far more nutrients in the forest even in the early morning and late
afternoon, when the birds finish or begin their migration. This can probably be ex-
plained by the assumption that most of the individuals move along the narrow linear
strip of the canal but do not use the area as a stopover site. Individuals that were
trapped in the forest may have been able to feed there, but they do not use it inten-
sively. Suitable stopover sites, where resting and re-fuelling needs may be met, are
critical for migrant survival and the long-term sustainability of migratory bird popu-
lations (for review see Faaborg et al. 2010). Thus we can assume that our study site is
not an important stopover site for these birds. However, two thrush nightingales have
been recaptured in different years (Bozó 2018). The species is well known to have
very high stopover site fidelity (Csörgõ and Kováts 2009), so we cannot rule out that
the study site is an important stopover site for this species. It should be noted that this
is the only species with long-term recaptures, so it can be considered an exception.
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Analysis of the effect of woody plants and berry cover on the number of species
showed that the presence of both groups influences the species composition. Woody
stems, oleasters, black locusts, elms, wild pears and walnuts, among others, were
found in the vicinity of the nets. Oleaster is an alien invasive species that can rapidly
populate an area by crowding out native species, and only low-diversity communities
develop in oleaster forests (Botta-Dukát 2006). This is because the leaves have few
natural pests due to their tannin content (Bartha and Csiszár 2012), which is an ad-
vantage over native species. However, it is less attractive to insectivorous birds. Nev-
ertheless, after their preferred elderberries are gone, some species, e.g. thrushes, rely
on the oleaster crop (Bozó 2019), which is rich in vitamins and oils but low in sugar
(Botta-Dukát 2006). We caught low numbers of each of these species in the nets in the
forest, suggesting that most migratory species avoided the closed oleaster forest.
Thus, oleaster trees (due to their negative and positive properties) and other woody
plants around the nets (black locust and wild pear, which are also important food
plants) had a combined effect on the species composition of the nets in the forest. It
would be interesting to investigate the effect of oleaster trees on the wintering bird
populations in the area, as Bozó (2019) found that for Fieldfares Turdus pilaris this
was the most important food in winter. Perhaps over time, in late autumn and in win-
ter, the oleaster forest had a much more important role not only for fieldfares but for
other small passerines as well.
In addition to woody plant cover, species caught in the forest were also affected by
the presence of berries. Interestingly, however, there was no correlation between the
number of frugivorous species and cover by berry plants, but the presence of insec-
tivorous species was positively influenced by coverage by berries. This may be be-
cause birds did not feed on the berries but on insects present on rotting berries. Many
insectivorous species, such as the Sedge Warbler or the Eurasian Blackcap Sylvia
atricapilla, prefer to eat elderberry before autumn migration, but the most common
species (e.g. leaf warblers and tits) do not change their diet during migration and feed
on insects (Csörgõ et al. 2009). For late migrants, such as the Eurasian Robin Erith-
acus rubecula and Common Blackbird Turdus merula, these berries are not available,
as they have dried up due to the frequent dry weather. Some species prefer to prey on
woody areas and bushes during migration, such as the Goldcrest Regulus regulus, the
Common Firecrest R. ignicapilla, the Eurasian Wren Troglodytes troglodytes and the
European Robin, but these species are late migrants in the area and feed mostly on
insects.
As expected, the results of the indicator species analysis showed that the majority
of the indicator species occurred in the canal. The presence of the Sedge Warbler,
Eurasian Reed Warbler, Marsh Warbler, Savi’s Warbler, Great Reed Warbler, Eura-
sian Penduline Tit and Common Reed Bunting is clearly due to the dominant vegeta-
tion (reed beds and willows) in the canal, where these species typically can be found
during migration. The presence of the Thrush Nightingale, Icterine Warbler and
River Warbler and their significant relationship with the canal may highlight the de-
cisive role of the canal in migration, as these species are common migrants in Hun-
gary (Hadarics and Zalai 2008, Csörgõ et al. 2009), but none of them breeds in our re-
gion (Bozó 2017, 2018). This is also confirmed by the number of yearly captures of
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these species, as during the three years of the study we were able to catch 10–15% of
all individuals captured in Hungary (Karcza 2019). The Red-backed Shrike, Common
Whitethroat and European Stonechat are declining breeders in agricultural lands,
and all of them prefer to nest near canals in bushes and weeds. Our indicator species
analyses showed that these species essentially used the same habitat during migra-
tion. In the case of the Eurasian Tree Sparrow and European Greenfinch, this con-
nection was probably not due to the quality of the habitat but to its physical location.
According to our field observations, both species feed in large numbers on the sur-
rounding stubble and often fly over the canal from one place to another. They also fly
into the nets during such random movements.
Summing up, canals are likely to play an important role in migration not only for
diurnal species but for nocturnal migratory species as well. However, birds also use
the secondary forests during migration as a stopover site. Therefore, the importance
of protecting forests, lines of trees, canals and vegetation along the canals cannot be
stressed enough. For many species, forest strips and drainage canals are the only
habitats that can be used in such an agri-environment. Due to agricultural land man-
agement, land use and canal cleaning programmes, many bird species associated
with secondary forests, lines of trees, and reed beds are disappearing. The current
form of canal management causes enormous problems, and in many cases is redun-
dant. Protecting these habitats and reducing their destruction must be a priority in
the future.
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